Summary
Introduction
The relationship between the farm size and efficiency plays an important role in the economic research because of its implication in the agricultural and rural development policies. The research results are contradictory. Some studies show a positive relationship (Bojnec, Latruffe, 2007) , others sustain that the relationship is reversed (Verma, Bromley, 1987) , and other studies show a linear relationship. The researchers' contradictory conclusions show that there are more factors influencing the farm A study conducted by Latruffe et al. (2004) for a panel of individual farms in Poland, specialised in crop and livestock, shows that the livestock farms are more technically efficient than the crop farms. The results of the study show a positive relationship between the farm size and efficiency. The large farms are more efficient, while the small farms of subsistence and semi-subsistence will remain in the vicious circle of low technical efficiency in the absence of appropriate economic policies.
The reverse relationship that the small farms are more efficient was supported by the research on developing countries (Bharadwaj, 1974; Johnson, Ruttan, 1994) . The explanation for this relationship is based on the assumption of intensive use of the land and the opportunity cost of labour. The small farms use the family labour, which is not remunerated.
The complexity of relationship between the farm size and efficiency is given by two variables, which in turn depend on a lot of economic and social factors, as follows: the soil type, agro-climatic conditions, the transaction costs of production factors, the technology involved, the available labour force, and so on. The cheapening of capital may lead to farm size increase, if it is complementary to the land, or to farm size decrease, if the capital can substitute the land. Of course, the disadvantages of small farms on practicing a performance management, possibilities of processing and marketing of products, introduction of technological process, etc. can be removed by providing specific agricultural services (Gordon, Davidova, 2014).
Between the levels of education of the farmers, the farm size, structure and efficiency there is a significant relationship. The individual farms generally use low-skilled workers. Also, the specialization of farms helps increase their efficiency (Mathijs, Vranken, 2000) .
The Common Agricultural Policy (CAP) for the Horizon 2020 envisages the implementation of the EU 2020 Strategy to achieve a smart, sustainable and inclusive growth. The main objectives for the future CAP are: viable food production, sustainable management of natural resources and climate action, and balanced territorial development (COM, 2010) . Achieving these objectives requires adjusting the size of farms to achieve maximum efficiency in terms of environmental protection and appropriate risk management.
The land consolidation and development of efficient agrarian structures is a global problem, whose resolution aims the food security of the population, which is in a continuous growth, and the needs of agricultural products for food are increasingly growing. Therefore, the concentration of agricultural production in farms of a certain size has been a major objective of the agricultural policy for all the countries. The role of this objective was to reduce the land fragmentation and to increase the farm size to a level that allows efficient use of the production factors.
The modernisation of agricultural structures by merging the lands is not a simple process, which started after the Second World War and is still going on. The difficulties of the process are objectives, related to the transaction costs, land market operation, but also subjective, related to the attachment to the land, the establishment and enforcement of property rights, taking risks, and so on.
Romania has the largest number of farms (agricultural holdings) of the EU. These holdings are not homogeneous. On the one hand, there are a large number of small farms, and on the other hand there are very large agricultural holdings. This structure is not characteristic to the EU developed countries, but it is specific to the Latin American countries, where the agricultural holdings are very large.
The excessive division of land and the establishment of a large number of farms in Romania have been generated by the restoration of the land ownership rights. Immediately after 1989, this aspect had a positive role, because the agriculture has played a buffer role in the labour market, absorbing a large proportion of the people laid off from other sectors of the national economy. At the same time, this phenomenon has led to a dramatic decrease in agricultural productivity, with negative impact on the supply of agricultural products to the population, the expansion of rural poverty, abandonment of agricultural land, and so on.
The EU integration has created new challenges for the farms in Romania, related to the competition with farmers from other European countries and implementation of CAP (Common Agricultural Policy). The challenges aim in particular the low competitiveness of the farms due to the inefficient use of production factors.
This research aims to analyze the relationship between the farm size and the efficient use of the production factors, as inputs. The utility of research consists of the adoption of appropriate macroeconomic and microeconomic agricultural policies, followed by effective actions to foster the development of competitive agricultural structures able to efficiently use the production factors and to generate a sustainable development of the rural areas.
For this research, we conducted comparative analysis and Data Envelopment Analysis to study the efficiency of using production factors split per size classes for assessing the Romanian farms.
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The results of research demonstrate the assumption that the large farms are more efficient in Romania, but the efficiency of using production factors split per size classes follow a U-shaped curve. The research suggests that in Romania should be created competitive agricultural structures, where the large farms have the major role, and the small farms are maintained to economic sizes able to transform them into commercial farms.
Material and Methods
This research uses the descriptive analysis of the data to present the structural disparities of agriculture in Romania compared to other countries and the Data Envelopment Analysis method (DEA) to highlight the relationship between the farm size and the efficiency of production factors in Romania. The comparator countries have an agricultural potential similar to Romania, but a higher level of agricultural development (Germany and France) and others are recently integrated into the EU (Hungary, Bulgaria and Poland).
DEA belongs to the group of the non-parametric linear programming methods and is often used to assess the productivity of decision-making units (companies, institutions, countries, and so on). The economic systems analyzed using DEA (called "decisionmaking units" -DMUs) have similar operational characteristics, but different size activities, and use different quantities of production factors. To establish the performance of using the production factors, we calculate the relative efficiency rates based on which we make the ranking of DMUs. The efficiency rates characterize the technical aspects of DMUs, based on the ratio of outputs (results) and production factors (utilised factors of production). A high technical efficiency is a condition for achieving a high economic efficiency (Ray, 2004 ).
The DEA method has been initially used in the variant the returns to scale are constant (CRS -proposed by Charnes, Cooper, Rhodes, 1978) , and later has been developed the model variable returns to scale (VRS -developed by Banker, Charnes, Cooper, 1984 ). The CRS model considers k decision-making units, each of them using a number of n inputs and m outputs.For the k decision-making unit, the efficiency is calculated as follows:
where: u i represents inputs factors weight (x); v j represents outputs weight (y).
This system of relations can be transformed into a linear programming model that includes a set of restrictions and the minimizing objective function (input-oriented models) or maximising objective function (output-oriented models), where the unknown elements are the weights given to the inputs and outputs.
The efficiency relations can be transformed into a linear programming model that uses a set of restrictions and aims to achieve a minimum target (input-oriented models) or maximum target (output-oriented models).
In the output oriented models variant, for each k decision-making unit we have:
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By solving the model, we find an efficiency score for all the DMUs, which place them on the efficiency frontier (score 1) or away from it (score <1). The higher the score, the better the analyzed economic system is.
The data we have used were taken from the European Union statistics (Eurostat FADN) and Romania's National Statistics. The economic size of the agricultural holdings is presented according to the FADN methodology, which is based on the Commission Regulation No 1242/2008 (EC, 2008). The regulation proposes the application of the standard output criterion for the agricultural holdings classification. It will be expressed in euro and corresponds to the sum of values obtained for each crop and livestock characteristics by multiplying the standard outputs per unit by the number of corresponding units.
Results and Discussion
Romania is a country with a significant agricultural potential in the European Union. The currently used agricultural area is 13.3 million ha, which ranks Romania on the 6 th place among the member countries of the EU, after France, Spain, Germany, UK and Poland. The agricultural potential is significant, given other features such as: quality of soil and climate conditions in Romania. According to the Agricultural Census in Romania carried out in 2010 (NIS, 2010), the largest agricultural area consists of arable land (8.3 mil ha, 62.4%), permanent grassland and meadow (4.5 mil. ha, 33.9%), permanent crops (0.3 mil. ha, 2.3%), and kitchen gardens (0.18 mil ha, 1.4%). The labour force employed in agriculture is oversized compared with the situation found in the other European countries.
The Romania's agricultural potential is harnessed, but with low efficiency, as can be seen in Table 1 . We see in Table 1 that Romania has about 7.8% of the utilized Agricultural area of EU, and it actually uses 1.1% of the Agricultural labour input. Also, Romania has the highest Number of farms of EU, i.e. approx. 3.7 mills. holdings (31.7%). Nevertheless, the Agricultural output and the Net value added achieved by Romanian agriculture is only 4.1% and 4.5%, respectively. The efficiency of the Utilised agricultural area and Agricultural labour input are significantly lower than the EU average (52.1% and 25.2%).
The low efficiency of the two production factors is related to the use of capital (energy, fixed capital, plant protection, insecticides and pesticides), but also, according to our opinion, to the existence of numerous workforce used in agriculture and the large number of farms which mostly practice a subsistence agriculture. Therefore, it is required a more detailed analysis of the relationship between the production factors efficiency and the agrarian structure in Romania, i.e. the size of the farms.
A spatial analysis of the farms in Romania, compared with the developed countries (Germany and France), or with the countries which joined later the EU (Bulgaria, Hungary and Poland), shows disparities in the physical farm size and distribution (Table 2) . We see in Table 2 that Romania has the lowest average farm size of the countries shown in Table 2 , almost 4 times less than the EU-27 average. Moreover, in Romania, 93.1% of the farms are using an area less than 5 ha. The average farm size of 3.4 ha is highly EP 2016 (63) In Germany, the farm average size is 53.8%, and most farms (62.4%) are using between 5 and 50 ha of agricultural land. The land structure in Germany was heavily influenced by the unification of the two countries. In Western Germany, the agriculture is carried out mostly in small-scale family farms. Before the unification, the agriculture in the Eastern Germany was organised in large-scale farms, which were maintained after the unification and adapted to the specific mechanism of market economy. There were of course huge transfers of capital from the Western Germany to the Eastern Germany's agriculture, to increase the economic performance.
In France, we notice an average size of the agricultural holdings, similar to Germany. The distribution of farms by size classes is more balanced, i.e. there are still 26.9% of farms using 5 hectares of land. The concerns about the land consolidation and reduction in the number of small farms began in France after 1950, by economic and social measures aimed to offset the incomes from the farming activities carried out by the small or elderly farmers who were leaving the land (Bullard, 2007) . The land consolidation is a continuous process in France. Certain measures have been taken to improve the land management structures by building adequate infrastructure, encouraging the land exchanges, adopting appropriate legislation which sets a minimum area/farm, and so on.
Considering the number of farms, Poland is the second country in the EU. Also in this country the small farms that use less than 5 hectares are majority (55.2%). They have a long tradition and have resisted the government attempts of collectivization in the communist era. The transition to a market economy has had a strong impact on the Polish agriculture. The small farms have absorbed much of the labour force laid off from the state farms and other sectors of the economy. But, in recent years, there has been a trend of farm consolidation in Poland, i.e. increase in the share of medium-size and large farms, but the small farms can contribute to the sustainable rural development.
The land reform, which started in Bulgaria in 1991, has created major problems such as: non-rational personification of the land ownership; the land use is characterized by a strong polarization in the size of land farms; fragmentation and dispersion of the land estates, often in different areas or settlements (Yanakieva, 2013) . This situation leads to low efficiency of the agriculture in Bulgaria, difficulties in the implementation of CAP and assimilation of the EU funds.
In Hungary, the average farm size is well below the European average, because the farms with land areas less than 5 ha are numerous. In recent years, there is a process of concentration of the agricultural lands imposed by the competitiveness with the other EU countries, the implementation of CAP and adoption of the European Model of Multifunctional Agriculture to Hungary (Czimbalmos et al., 2013) .
Besides the size of the farms, there are more factors that generate performance disparities among the analysed countries. Romania uses 3.5 times less agricultural production factors in the intermediate consumption than Germany, and about 30 times less than Poland. The consumption of fixed capital is about four times lower than in Germany. Also, the fertilisers & soil improvers and plant protection products are used in lower amounts compared to the most analysed countries, except Bulgaria (Burja, 2014) . The farm size and use of production factors in agriculture generates different outputs. We can see in Figure 1 that Romania has the lowest cereal yield of the analysed countries.
The use of production factors, the size of farms and the outcomes are closely connected. But, this connection must be nuancedly interpreted, because there are many causes which determine the certain physical size of the farms. Certainly, the physical size is correlated with the economic size of the farms. The FADN data enable a detailed presentation and analysis of the relationship between the farm size and the input use efficiency. Only the commercial farms are included in FADN, i.e. the farms which are large enough to provide a main activity for the farmer and a level of income sufficient to support his or her family. For the purpose of this analysis, we grouped the production factors according to the theory of classical political economy at work (Labour input), nature (Utilized agricultural area) and capital (Average farm capital).
EP 2016 (63) 2 (361-374) We can see in Table 3 that the Very-large farms with an economic size of more than €500,000 are using an agricultural area of almost 300 times higher than the Very small farms. Moreover, the Labour input is about 25 times higher and, in its turn, the Average farm capital 168 times higher. According to FADN, the Average farm capital includes the Average value of the Working capital, i.e. Livestock + Permanent crops + Land improvements + Buildings + Machinery and equipment + Circulating capital.
The Very-large farms use large quantities of production factors and, naturally, they achieve higher productions, but the efficiency is generally considered as the ratio between effect and effort, i.e. the ratio between the total output and input used in the production process. We can see in Figure 2 that the Very small farms are using the agricultural area with maximum efficiency, the Large farms have maximum efficiency for the capital employed and the Very-large farms are using the Labour input with maximum efficiency. The Very-large farms are balanced in terms of relative efficiency of the production factors.
We can get an overview on the efficiency of using the production factors in the agricultural holdings in Romania, for the period taken into account, by applying the DEA method. The results are shown in Table 4 . From the data shown in the table, we note that in the constant returns to scale variant (CRS) only the Very-large farms are efficient, and in the variable returns to scale variant, the Very small farms seems to be efficient, too. The analysis results suggest a U-shaped distribution of the efficiency of using the production factors in Romania's agricultural holdings. The fact that the Very small farms appear close to the efficiency curve should not surprise, because they use the workforce efficiently and can contribute to the development of multifunctional agriculture, developed on sustainable principles (Gallutio, 2013). The Very small farms must achieve economic sizes, which transform them into commercial farms, able to exploit their relative advantages available. The large farms are of course the most efficient because of the possibilities to exploit the production factors and the obtained results, and therefore their competitiveness in the EU countries is obviousness.
Conclusions
Romania has a significant agricultural potential which would allow it to be one of the representative players on the EU market in terms of production and trade with agricultural products. However, the relatively low efficiency of the production factors used in the agricultural holdings in Romania leads to poor results compared to other EU countries that have similar agricultural potential. This is due to poor agrarian structure, but has also other causes related to the changes occurred in Romania's agriculture in the process of transition to a market economy and implementation of CAP.
